INTRODUCTION
============

Chronic osteomyelitis, defined as a long-term infection of the bone marrow, is characterized by low-grade inflammation caused by persistent pathogenic microorganisms with sequestrum and/or fistulous tract.^[@R1]^ Nowadays, it is still one of the most challenging disorders for clinicians due to its long disease course, complex treatment, and a high risk of recurrence.

In addition to the challenging aspects of the disorder, its clinical characteristics are also varied, which may be affected by geographical and time factors. From the perspective of geographical factors, its characterizations differ in different countries. In contrast to the developed countries, the disease is more frequent in developing ones.^[@R2]--[@R4]^ This is probably associated with factors such as economic foundation, lifestyle, and quality of medical services. From the time perspective, its clinical pictures have markedly changed in the past few decades.^[@R5]^ It used to be a sequelae of acute hematogenous osteomyelitis,^[@R6],[@R7]^ but has now increasingly resulted from trauma,^[@R8]--[@R10]^ orthopedic implant,^[@R11],[@R12]^ and diabetic foot.^[@R13],[@R14]^ In addition, the spectrum of pathogenic organisms accounting for this disease also changed. Organisms besides bacteria can also cause bone infection, such as virus, protozoan, and fungus.^[@R15]--[@R17]^ Moreover, with the widespread use of orthopedic implants, biofilm bacteria are becoming frequent in chronic infections.^[@R11],[@R18]^

In recent years, the incidence of extremity chronic osteomyelitis in China is rising at a rapid speed, mainly caused by a sharply growing number of road or industrial accidents.^[@R19]^ This long course disorder is exerting great pressures on its patients, both economically^[@R20]^ and psychologically.^[@R21]^ Additionally, the continuously increasing number of its victims renders it to be a considerable social problem. Therefore, how to solve this intractable health problem poses great challenges for doctors.

To solve this problem, clinicians are required to make early diagnosis and provide appropriate treatment in order to reduce its risk of recurrence, reconstruct limb function, and improve quality of life of the patients. It is also necessary to recognize the clinical characteristics and treatment strategies of the disorder. However, to the best of our knowledge, current studies are still limited characterizing extremity chronic osteomyelitis, especially in Chinese population. Therefore, this study was aimed to review the clinical features and management of extremity chronic osteomyelitis in Chinese patients, including gender, age at incidence, anatomical site, infecting organisms, levels of different serum inflammation markers for diagnosis, and treatment strategies.

MATERIALS AND METHODS
=====================

Study Design, Setting, and Data Source
--------------------------------------

The present study, designed as a retrospective characterization of extremity chronic osteomyelitis, was conducted in Nanfang Hospital, affiliated to Southern Medical University, a tertiary medical center in Guangzhou, Southern China. Patients' data were collected using the electronic medical records of the hospital. Index term "osteomyelitis" and the time limit from January 1, 2010 to April 30, 2015 were set for search. The records retrieved initially were reviewed for eligibility assessment. Follow-up data were obtained by searching medical records or by telephone. Written consents from the participants were waived due to the retrospective design of the present study. However, their personal information was anonymized and de-identified before analysis. This study was approved by the ethical medical committee of the hospital.

Inclusion and Exclusion Criteria
--------------------------------

Chronic osteomyelitis, defined as a persistent infection of bone marrow for more than 10 weeks,^[@R11]^ was diagnosed on the basis of intraoperative histopathological tests, or cultures from at least 2 infection sites with the same organism or a definite sinus tract connecting directly the bone. Eligible were the records of the patients with a diagnosis of extremity chronic osteomyelitis, which contained at least 1 of the following data: gender, age at first diagnosis, infected body side and anatomical site, intraoperative microorganism culture outcome, preoperative serum values of white blood cell (WBC), erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), procalcitonin (PCT), interleukin-6 (IL-6), tumor necrosis factor alpha (TNF-α), and treatment strategies with cure rates. Excluded were records of the patients diagnosed with acute osteomyelitis or chronic osteomyelitis in nonextremity bones (eg, clavicle, scapula, spine, and mandible). In addition, if a patient had multiple medical records (multiple hospitalizations), only his or her relevant records were kept for data collection and analysis.

Statistical Analysis
--------------------

Statistical analysis was performed using the SPSS 17.0 software (SPSS Inc, Chicago, IL). Descriptive statistics were conducted for all variables. The distribution of data was assessed for normality using the Kolmogorov--Smirnov test. Continuous variables were expressed as the mean ± standard deviation or median with interquartile range (IQR) depending on data distribution. For normally distributed data, Student *t* test or one-way analysis of variance (ANOVA) was used to compare the differences between 2 independent or more than 2 groups. Otherwise, the Mann--Whitney *U* test or Kruskal--Wallis *H* test was used. Dichotomous variables were expressed as percentages and events. Chi-square test was used to compare differences of rates among different groups. Statistically significant difference was defined as *P* value of \<0.05.

RESULTS
=======

A total of 791 medical records were collected initially. Repeated medical records were removed to keep only 1 relevant record for patients who had multiple hospitalizations. After the records were further reviewed, a total of 394 consecutive patients were included finally.

Classification
--------------

According to the mechanism of infection by classification by Waldvogel et al,^[@R22]^ traumatic osteomyelitis (including iatrogenic factors) was the most frequent type (66.50%, 262 cases). Chronic osteomyelitis secondary to hematogenous spread and diabetic foot accounted for 15.98% (63 cases) and 17.51% (69 cases), respectively (Table [1](#T1){ref-type="table"}).
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Injury Features of Traumatic Osteomyelitis
------------------------------------------

Of the 262 cases of traumatic osteomyelitis, 166 were caused by open injury (63.36%) and 84 by closed injury (32.06%). Detailed injury information was unavailable in 12 cases (4.58%).

As for injury types, road accident lay on the top (91 cases, 34.73%), followed by blunt injury (73 cases, 27.86%), sharp injury (40 cases, 15.27%), and fall injury (23 cases, 8.78%). Such injury information was unavailable in 35 cases (13.36%).

Gender Ratio and Age at First Diagnosis
---------------------------------------

The present study included 307 males and 87 females, giving a gender ratio of 3.53 for a male predilection. As summarized in Table [1](#T1){ref-type="table"}, gender ratios differed statistically among the 3 types of infection (*P* \< 0.001), ranging from 1.56 (diabetic foot osteomyelitis), to 3.20 (hematogenous osteomyelitis) and to 4.82 (traumatic osteomyelitis).

The median age at first diagnosis for all was 42 years (IQR: 24--54 years), with 40 years (IQR: 24--51 years) and 49 years (IQR: 29--63 years) for males and females, respectively (*P* \< 0.001). Approximately 80% of the patients suffered from the disease at 15 to 65 years of age (313 cases). The top 3 age periods were 45 to 50 years, 40 to 45 years, and 50 to 55 years, respectively. Stratified analysis also found a significant age difference among the 3 different types of osteomyelitis (traumatic vs hematogenous vs diabetic = 38 vs 29 vs 62 years, *P* \< 0.001) (Table [1](#T1){ref-type="table"}).

Infection Side and Site
-----------------------

The total numbers of infection on the left, right, and bilateral body sides were 202 (51.27%), 178 (45.18%), and 14 (3.55%) cases respectively. Altogether, 323 cases (81.98%) had a single infection site, and 71 (18.02%) had multiple sites that mainly occurred in diabetic foot osteomyelitis (49.28%).

Of the patients with a single-site infection, 292 (90.40%) had a lesion in a lower limb and 31 (9.60%) in an upper limb. The most frequent single infection site was tibia (126 cases, 39.00%), followed by femur (79 cases, 24.46%), calcaneus (37 cases, 11.46%), and toes (37 cases, 11.46%) (Figure [1](#F1){ref-type="fig"}). In addition, the tibia was the most common site in traumatic osteomyelitis, while the femur and toes were the most common sites in hematogenous and diabetic foot osteomyelitis, respectively.
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Intraoperative Pathogenic Microorganism Culture
-----------------------------------------------

Altogether, 303 patients had records of organism cultures in our study. The positive rate of culture for all was 70.63% (214 cases), 78.97% (169 cases) of which were monomicrobial infection. Furthermore, a significant difference was identified regarding the positive rate of culture among the 3 types of osteomyelitis (*P* \< 0.001). Diabetic foot osteomyelitis exhibited the highest rate of culture positivity, followed by traumatic and hematogenous osteomyelitis (Table [1](#T1){ref-type="table"}).

The top 3 bacteria accounting for monomicrobial infection for all were *Staphylococcus aureus* (59 cases, 34.91%), *Pseudomonas aeruginosa* (29 cases, 17.16%), and *Escherichia coli* (11 cases, 6.51%). In addition, the most frequently detected bacteria were *S. aureus* in traumatic and hematogenous osteomyelitis, but *Proteus mirabilis* in diabetic foot osteomyelitis (Table [1](#T1){ref-type="table"}).

Moreover, the bacteria that were detected in more than 5 patients also included *Enterococcus faecalis* (10 cases, 5.92%), *P. mirabilis* (9 cases, 5.32%), *Acinetobacter baumannii* (6 cases, 3.55%), *Enterobacter cloacae* (5 cases, 2.96%), and *Proteus vulgaris* (5 cases, 2.96%).

Preoperative Levels and Positive Rates of Serum Inflammation Markers
--------------------------------------------------------------------

Cut-off values of serum inflammatory markers provided by Clinical Laboratory were WBC: 9.50 × 10^9^/L, ESR for males: 15 mm/1 h, for females: 20 mm/h, CRP: 5 mg/L, PCT: 0.05 ng/mL, IL-6: 7.0 pg/mL, TNF-α: 8.1 pg/mL.

Comparisons of preoperative values of the 6 markers among the 3 types of osteomyelitis revealed significant differences in WBC, ESR, CRP, and PCT (*P* \< 0.001), demonstrating that preoperative levels of the 4 markers were the highest in diabetic foot osteomyelitis and the lowest in traumatic osteomyelitis. Although preoperative levels of IL-6 and TNF-α did not differ significantly among the 3 osteomyelitis types, serum levels of these 2 markers were also the highest in diabetic foot osteomyelitis (Table [1](#T1){ref-type="table"}).

Positive rates of serum inflammation markers showed that IL-6 was the highest (72.82%, 75/103), followed by TNF-α (66.67%, 64/96), ESR (64.92%, 198/305), CRP (53.27%, 179/336), and PCT (42.25%, 90/213), respectively. However, positive rate of WBC was the lowest (21.63%, 85/393) among the 6 indicators. Stratified analysis for positive rates of the 6 markers among different types of chronic osteomyelitis showed significant differences (*P* \< 0.001) (Table [1](#T1){ref-type="table"}).

Treatment Strategies and Cure Rates
-----------------------------------

Treatment procedures of extremity chronic osteomyelitis generally included radical debridement, antibiotic use, and/or reconstruction of bone/soft tissue defect if necessary. Occasionally, limb amputation cannot be avoided in some severely infected patients.

Of all the included 394 patients, 43 patients were lost to follow-up and 2 patients died. A total of 283 patients were followed up for at least 1 year. The overall cure rate (no relapses in 1 year) was 77.74% (220 cases), with a total of amputation of 16.75% (66 cases). Cure rates of different surgical strategies as well as conservative treatment were listed in Table [2](#T2){ref-type="table"}, ranging from 26.92% to 100%.
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With regard to antibiotic treatment strategies, we reviewed clinical data for intravenously used antibiotics for inpatient treatment of extremity chronic osteomyelitis. As summarized in Table [3](#T3){ref-type="table"}, the median duration of intravenous antibiotic treatment based on 275 patients was 14 days. In addition, the most frequently used intravenous antibiotic in our study was cephalosporins (221 cases), followed by clindamycin (23 cases) and piperacillin-tazobactam (16 cases). Furthermore, cure rates also differed among different antibiotic treatment strategies, ranging from 37.5% to 100% (Table [3](#T3){ref-type="table"}).
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DISCUSSION
==========

The present study, investigating a cohort of 394 Chinese patients, found that the most frequent type of extremity chronic osteomyelitis was traumatic osteomyelitis, which was mainly caused by open injury and during a traffic accident. The disorder was predominant in males and favored lower limbs, with tibia, femur, calcaneus, and toes as the top infection sites. *S. aureus* was the mostly detected pathogenic organism. Elevated serum levels of IL-6, TNF-α, and ESR in preoperative test of serum inflammation markers may imply a high risk of chronic osteomyelitis. Clinical efficacy of most patients was favorable.

In a recent study, Kremers et al^[@R23]^ reported that the incidence of osteomyelitis in America between 2000 and 2009 was over twice than that between 1969 and 1979 (24.4/100,000 vs 11.4/100,000). Although such exact epidemiological data are still lacking in China, the incidence of osteomyelitis in China is increasing even more rapidly than in America, which is mainly because Chinese traffic accidents and industrial accidents are sharply growing.^[@R19]^ Just as our study revealed, the most frequent type of this disease was traumatic osteomyelitis (76.85%) in China, while it was diabetes mellitus associated infection (27%) in America.^[@R23]^ This difference may originate from great variances between the 2 countries, such as lifestyle (eg, dietary habit), safety consciousness, traffic situation, economic status, and quality of medical services.

We found that extremity chronic osteomyelitis favored males, in accordance with the report by Kremers et al in America.^[@R23]^ However, our ratio (3.53) was significantly higher than theirs^[@R23]^ (1.38) (*P* \< 0.001). In consistent with the study by Kremers et al,^[@R23]^ we also found that females tended to have a greater age than males at incidence. But our median ages reported were lower than those reported by Kremers et al,^[@R23]^ not only for all but also for both genders. We consider that the differences may be a consequence of different distributions of osteomyelitis types between the 2 studies.

In the present study, we found that the tibia was the site most susceptible to extremity chronic osteomyelitis as well as to traumatic osteomyelitis in Southern China. This may be associated with its unique anatomical location, bone structure, and limited blood supply. But for hematogenous osteomyelitis, the most affected site was the femur. Consequently, adequate blood supply to the femur may increase the risk of hematogenous osteomyelitis. We found that all the cases of diabetic mellitus associated osteomyelitis occurred at foot. This is probably because such a type of infection is usually a complication of diabetic foot. It is interesting that calcaneal osteomyelitis was also frequent in our study, which can be explained by the following reasons. It is known that calcaneal fracture mostly occurred in a fall, the great violence of which usually results in an open injury. In addition, scanty soft tissues surrounding the calcaneus also increase the risk of bone infection. Moreover, even puncture wound, medical injection, and insect sting are reported^[@R24]--[@R26]^ to lead to calcaneal infections.

Our positive rate of intraoperative organism culture was about 71%, close to 75% as reported by Kremers et al^[@R23]^ It is known that the positive rate of culture is affected by several factors, such as culture time and conditions, antibiotic use before culture, and biofilm bacteria.^[@R11]^ It is recommended that patients suspected of chronic osteomyelitis should stop antibiotic use for at least 2 weeks before culture, and at least 3 independent infection sites should be selected for culture. Moreover, the regular culture time is 1 week for all cases. If a negative culture outcome is obtained, the duration should be extended to 14 days and culture conditions may be changed for fungal and acid-fast bacillus. In accordance with previous studies, we found that the mostly detected bacterium was *S. aureus.* Polymicrobial infection was frequent, especially in diabetic foot osteomyelitis. Furthermore, *P. mirabilis* and *P. aeruginosa* were mostly identified in the patients diagnosed with diabetic foot osteomyelitis and calcaneal osteomyelitis, respectively. However, considering that the cases included were limited, we should take cautious attitude toward the above outcomes.

Preoperative levels of serum inflammatory markers may be helpful for diagnosis of extremity chronic osteomyelitis. In the present study, we found that the values and positive rates of inflammatory markers differed among different types of chronic osteomyelitis. In general, patients with diabetic foot osteomyelitis had greater values than those with another 2 types of osteomyelitis, implying that such a type of infection may be more severe. In addition, our positive rates differed among different markers and different groups as well (Table [1](#T1){ref-type="table"}). It should be noted that the predictive values should be based on not only a single indicator but also a combination of these indicators. In a recent study, Stucken et al^[@R27]^ reported that the predicted probabilities of infection achieved 100% when associated with positive tests of WBC, ESR, and CRP. They also reported that approximately 20% of the patients still had infections even when all the above 3 indicators of theirs were in normal ranges. Due to the unspecific characteristic of the inflammatory markers, cautious attitude should be taken when using these serum indicators for diagnosis of chronic osteomyelitis or classifying different types of chronic osteomyelitis. In addition, although IL-6 and TNF-α achieved higher positive rates than other markers in patients with chronic osteomyelitis, currently, the 2 serum markers are still not widely used in the routine laboratory parameters for the diagnosis of chronic osteomyelitis.

Treatment of extremity chronic osteomyelitis should be based on comprehensive consideration of systematic and local conditions. The general procedures for management of infection in the long bones consist of radical debridement, systematic and local antibiotic use, and bone/soft tissue defect reconstruction. In our study, the overall cure rate was 77.74%, with a total amputation rate of 16.75%. Cure rates differed with regard to different treatment strategies, ranging from 26.92% to 100%. However, considering the very limited sample size for treatment methods of arthrodesis and bone grafting, we should take prudent attitude toward the outcomes. In our study, 37 cases were treated conservatively, firstly because the health status of some patients did not allow surgical treatment and secondly because some gave up surgical interventions for personal reasons such as financial difficulties. Taken the lowest cure rate of conservative treatment, it is not recommended to select this treatment method if the patients can tolerate surgery.

The selection of antibiotics should be based on culture outcomes and antimicrobial susceptibility results. In our study, the most frequently used intravenous antibiotic was cephalosporins, which is probably associated with broad antibacterial spectrum of these antibiotics. With respect to the duration of antibiotic therapy, several studies^[@R28]--[@R30]^ recommended that a total duration of 4 to 6 weeks may be sufficient. The median duration of intravenous antibiotics in the present study was 2 weeks. However, it never meant that all patients could stop antibiotic use after intravenous therapy for 14 days. It depends on systematic and local infection status, surgical strategy and immune status of the patients to decide whether intravenous antibiotic treatment can be stopped or not. For severely infected patients, we recommended an additional oral antibiotic therapy for 2 to 4 weeks. As for the route of antibiotic administration, an updated systematic review^[@R31]^ concluded that similar clinical efficacy can be achieved between oral and parenteral antibiotics for management of osteomyelitis if the bacteria are sensitive to the antibiotic used.

The present study had several limitations. As it was conducted in a single medical center in Southern China, it may not well characterize the extremity chronic osteomyelitis in Southern China. Therefore, multicenter studies should be performed to obtain more accurate information. In addition, although we reported the positive rates of different inflammation markers, the sample sizes for some markers (IL-6, TNF-α) were still far from enough. Further investigations should be conducted on the roles of local levels of the inflammation markers for diagnosis, potential influencing factors of the markers, and optimal combination models of the markers for assisted diagnosis. Moreover, we were unable to provide clinical data for oral antibiotic therapy because most patients received oral antibiotics out of hospital. Such information was unavailable in the electronic medical records in our hospital. The follow-up time of the current study was short and a longer follow-up is necessary to better evaluate the clinical efficacy of different treatment strategies.

In summary, our present study, based on a review of 394 patients in Southern China, suggested that extremity chronic osteomyelitis was mostly caused by open injury and during a road accident, predominated in males and favored lower limbs. *S. aureus* was the most frequent pathogenic organism. Preoperative elevated levels of serum IL-6, ESR, and TNF-α may be helpful diagnostic indicators of the disease. Despite of varied cure rates for different treatment strategies, the overall clinical efficacy was favorable.
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